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patient attributes, and patient outcomes using unit-level and patient-level representations of care
derived from computerized nurse documentation. The retrospective, descriptive analysis included docu-
mented nursing events for 900 Labor and Delivery patients at three hospitals over the 2-month period of
January and February 2006. Two models were used to produce quantiﬁed measurements of nursing care
received by each patient. The ﬁrst model considered only the hourly census of nurses and patients. The
second model considered the size of nurses’ patient loads as represented by computerized nurse-entered
documentation. Signiﬁcant relationships were identiﬁed between durations of labor and nursing care
scores generated by the second model. In addition to the clinical associations identiﬁed, the study dem-
onstrated an approach with global application for representing the amount of nursing care received at the
individual patient level in analyses of patient outcomes.
 2009 Elsevier Inc. All rights reserved.1. Introduction
Variation in patient outcomes is attributable to variation in
individual patient attributes, variation in care processes and struc-
tures, and random variation [1]. Though patient attributes have the
greatest impact on ultimate outcomes [2], opportunity exists to
improve patient outcomes through both reﬁning and reducing var-
iability in clinical care processes. By identifying aspects of care
with the greatest effect on speciﬁc outcomes, clinicians could focus
efforts on changes in care with the greatest clinical impact, even
among patients at low risk of experiencing suboptimal outcomes
[3]. The ever-increasing availability of structured and computer-
ized healthcare documentation offers potential for identifying
key factors affecting patient outcomes. The purpose of these anal-
yses was to demonstrate methods whereby representations of the
amount of nursing care received by individual patients could be
derived from computerized nurse documentation. The resulting
nursing care quantity measurements were then used in an analysis
of relationships among nursing care, patient attributes, and patient
outcomes.ll rights reserved.
y, Cincinnati Children’s Hos-
, Cincinnati, OH 45229, USA.2. Background
Many previous patient safety and quality initiatives have
focused on identifying relationships between stafﬁng levels and
quality nursing care [4]. In response to the Institute of Medicine’s
call for empirical evidence demonstrating the effect of nurse staff-
ing on patient outcomes [5], many researchers have published
studies in which availability of nursing care has been represented
using nurse-to-patient ratios [6–9]. In California, preliminary ﬁnd-
ings have failed to establish a signiﬁcant effect of state mandated
nurse-stafﬁng rates on select outcomes. Researchers are pursuing
additional studies to determine minimum stafﬁng levels that
maintain care quality [10,11]. Literature exists to support the con-
clusion that even though total nursing hours and skill mix appear
to impact particular patient outcomes, no speciﬁc minimum
nurse–patient ratio can be recommended [12].
Findings from several studies have established correlations
between nurse-stafﬁng rates, including staff mix, and patient out-
comes; however, the analyses have taken a unit-wide approach to
measuring nursing resources rather than measuring the amount of
care received by individual patients [13–16]. Another study estab-
lished relationships between stafﬁng rates and patient satisfaction
in addition to clinical outcomes [17]. Strategies that measure nurs-
ing care resources at the unit or hospital level may help to quantify
available nursing resources; however, they do not capture nursing
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variations in the distribution of nursing resources according to
individual patient acuities. In addition, many of the studies incor-
porated administrative data, which have been identiﬁed as poor
measurements of complication occurrence, in the analysis of
patient outcomes [18,19]. Thus, in spite of evidence supporting
associations between nurse stafﬁng and outcomes, results are still
inconclusive [20].
Some advocates of quality improvement propose that the key
to reﬁning clinical processes is the development and use of qual-
ity indicators measuring the inﬂuence of nursing care on patient
safety and outcomes [4,21–23]. Proponents argue that measuring
and reporting of nursing performance support quality improve-
ment by quantifying nursing inﬂuence on patient safety and
healthcare outcomes, enabling benchmarking of best practices,
and promoting provider accountability. [24] In settings with high
levels of nurse–patient interaction, such as the Intensive Care
Unit (ICU), scoring mechanisms have been developed that mea-
sure nurse workload at the unit level [25–33]. These schemes
may support decision makers in planning staff assignments
based on workload expectations; however, they fail to capture
the granular detail of work distribution among individual nurses
or patients. Although beneﬁcial for estimating workload require-
ments, these schemes do not offer insight into the effect of alter-
ations to the scheduled assignment of nursing care on individual
patient outcomes.
Even in the relative ‘‘framework of normalcy” [34] provided by
the Labor and Delivery (L&D) setting, differences in patient out-
comes have been attributed to variation in care processes [3]. Pre-
vious quality improvement strategies have sought to reﬁne care
through quantiﬁcation of processes and outcomes using midwifery
documentation [35,36] and the identiﬁcation of near-miss [37] and
preventable [38] events as representations of care quality. Quanti-
ﬁcation of care processes, supported by the capture of nurse–pa-
tient interactions, is a vital component of clinical process analysis
and improvement.
In previous work, we developed models for representing the
distribution of available nursing care among individual patients
in the L&D setting [39]. The models were patterned after the
Nursing Care Hours (NCH) indicator developed by the National
Database of Nursing Quality Indicators (NDNQI), [40] but
allowed score calculation directly from computerized nursing
documentation. The models were used to calculate the hourly
quantity of nursing care, referred to as Nursing Effort, received
by each patient. Scoring models considered nurse-to-patient
ratios, the number of concurrent patients being treated by a gi-
ven nurse, patient acuities, and the number of activities docu-
mented. We concluded that a relatively simple model, based
on the size of individual nurse’s patient loads, implicitly repre-
sented individual patient acuity and provided comparable perfor-
mance to more complex models.3. Methods
3.1. Hypothesis
In this study, we hypothesized the existence of relationships
between the amount of nursing care received by patients and the
particular outcomes experienced by those patients including the
duration of various labor stages, the occurrence of signiﬁcant labor
events, and costs. We also hypothesized that identiﬁcation of
statistically signiﬁcant correlations between quantiﬁed nursing
care measures and patient outcomes would be better supported
by patient-level measurements than by unit-level measurements
of allocated nursing resources.3.2. Design
This retrospective, descriptive study incorporated a data analy-
sis framework based on Knowledge Discovery in Databases (KDD)
techniques [41]. Following selection from a data warehouse, study
data were preprocessed for subsequent scoring by two previously
deﬁned Nursing Effort models. [39] A computerized knowledge
discovery tool, developed to support the study, managed data
preparation and score calculations. The resultant scores supported
identiﬁcation and evaluation of associations among patient attri-
butes, nursing care, and patient outcomes. The University of Utah
and Intermountain Healthcare institutional review boards ap-
proved the project, and a waiver of informed consent was obtained.
3.3. Setting and sample
In 2006, Intermountain Healthcare’s Labor and Delivery Com-
puter Information System (CIS) (StorkbytesTM, Intermountain
Healthcare, Salt Lake City, UT), installed at 15 facilities, served
approximately 29,000 patients. The CIS acquired fetal monitor
measurements and supported computerized nurse charting [42].
Deployed in the 1980s, the system has undergone iterative modiﬁ-
cations in response to ongoing feedback from clinical users. The
L&D Nursing Standards and Education work group of Intermoun-
tain’s Women and Newborn Clinical Program has provided ongoing
validation and reﬁnement of the nurse documentation elements to
ensure that the system has accurately represented nursing care
processes. Along with identiﬁcation of the documenting nurse,
both the time of the clinical observation or intervention and the
time of data entry were recorded with each data point. Each
month, the CIS data were extracted to Intermountain Healthcare’s
Enterprise Data Warehouse (EDW) along with demographic, ﬁnan-
cial, case mix, and other clinical data related to each patient [43].
Since 1995, data from over 450,000 Intermountain L&D patients
have been archived in the EDW.
Although adverse events occur in L&D units, a large percentage
of patients experience normal outcomes [34]. Thus, the setting
served as an appropriate prototype for comparing, and detecting
differences in, nursing care and outcomes associated with both
high- and low-risk patient groups. Vast amounts of available com-
puterized nurse documentation and high levels of nurse–patient
interaction afforded by the care setting also qualiﬁed L&D as a suit-
able environment for testing the research hypotheses.
Data from patients admitted to three Intermountain Healthcare
L&D units during January and February 2006 were retrieved for
analysis. The three L&D units represented facilities of varying sizes:
the smallest, a community hospital, had 1300 deliveries in 2006;
the largest, a trauma one center, had 4200 deliveries in 2006; the
midsize facility had 2300 deliveries. During the 2-month analysis
period, nursing documentation was recorded for 1093 patients at
the three facilities. Each instance of documentation, referred to
as a ‘‘documentation event”, consisted of a metadata code identify-
ing the type of intervention or observation documented, an identi-
ﬁer for the nurse who entered the data, and the time and date
when the event occurred. All available L&D documentation events
(N = 686,402) associated with the set of 1093 patients were re-
trieved to generate scores using each Nursing Effort model. Incom-
plete documentation (described below) resulted in the exclusion of
193 patients, leaving an analysis set of 900 patients.
3.4. Data selection and preparation
Administrative and outcome data were selected for investiga-
tion, along with documentation events and attributes pertaining
to each patient in the study (Table 1). Administrative data included
the times and dates of patient admission and delivery, and an iden-
Table 1
Data elements selected for investigation, organized by administrative, patient
attribute, and outcome categories.
Category Element
Administrative Date of patient admission
Time of patient admission
Date of patient delivery
Time of patient delivery
Care facility identiﬁer
Patient
Attribute
Age
Race
Marital status
Insurance status
Number of previous births
History of previous Cesarean
Augmented labor
Number of weeks gestation
ICD-9 admission diagnosis
Peak acuity (represented by labor level)
Outcome Occurrence of fetal distress
Occurrence of complications
Delivery by Cesarean
Patient length of stay
Length of active labor (the time between 4-cm dilation and
delivery)
Length of time between complete cervical dilation and delivery
Length of time between the initiation of pushing and delivery
Cost of care
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attributes with suspected inﬂuence on the investigated outcome
variables supported statistical models by enabling evaluation of
the effects of those attributes. Attributes retrieved from the EDW
for analysis included patient age, race, marital status, insurance
status, number of previous births, history of a previous Cesarean,
whether or not labor was augmented, number of weeks gestation,
and ICD-9 (International Classiﬁcation of Diseases, Ninth Revision)
admission diagnosis. For each patient, up to several hundred doc-
umentation events were retrieved. Outcomes selected for investi-
gation from a set of perinatal quality indicators and common
L&D events [44] included occurrence of fetal distress, delivery by
Cesarean, occurrence of complications during labor, patient length
of stay, and cost of care.
Three measurements of labor length were calculated using doc-
umentation time stamps. The length of active labor (the time be-
tween 4-cm dilation and delivery), the length of time between
complete cervical dilation and delivery, and the duration between
the initiation of pushing and delivery were extrapolated from doc-
umentation (Fig. 1). Patient labor level (a categorization deﬁned by
Intermountain Healthcare to represent patient acuity) logs were
generated for each patient during the active labor period. Labor le-
vel one represented the least severe cases, while level four denoted
the most severe cases. Because a high percentage of patients
reached labor level three (albeit for a short period of time), thePre-complete  
Dilation Scores
Post-complete  
Dilation Scores
Beginning Labor 4 cm Dilation  Complete  
Dilation (10 cm) 
Pushing  
Initiated Delivery  
Complete
Nursing Effort Scores 
Calculated (Active Labor) 
Fig. 1. Timeline of labor events indicating the stages of labor during which Nursing
Effort scores are calculated.number of hours spent at level three was used to further differen-
tiate peak patient acuity.
Insurance status was categorized as private, self-pay, and Med-
icaid. Race was limited to White, Hispanic, and other, reﬂecting the
population of the State of Utah. Admission diagnosis codes were
reduced to normal ﬁrst pregnancy, normal other pregnancy,
advanced maternal age (over 35) pregnancy, high-risk pregnancy,
and other. Marital status was reduced to the categories of married,
single, divorced, and other.
Data from 1093 patients for whom documentation was
recorded during the analysis period, indicating utilization of nurs-
ing resources, were used to generate Nursing Effort scores. Five
patients admitted prior to the start of the study period (January
1, 2006) but still in the labor unit during the study period were ex-
cluded from the analysis population. Individual Nursing Effort
scores were generated throughout a patient’s labor; however, only
scores calculated during the duration of active labor (the time
between 4-cm dilation and delivery) were used in the analysis.
Patients lacking adequate documentation of dilation (N = 186) were
excluded from patient-level analysis. Documentation of 4-cm dila-
tion was missing for two primary reasons. Some patients delivered
by Cesarean (either scheduled or unscheduled) and never entered
into the active labor stage initiated with 4-cm dilation measure-
ment. For others, measures of dilation progression were not prop-
erly recorded. Only two patients reached labor level four (the
highest acuity level). Because labor level four was not sufﬁciently
represented, these patients were excluded from further analysis.
Nursing Effort scores were generated using two previously de-
ﬁned scoring models (Table 2) [39]. The quantiﬁed representations
of care received by individual patients, as calculated by the Nursing
Effort models, were not a function of the number or type of events
documented for a patient. Rather, documentation was used to cal-
culate the hourly nurse and patient census and to identify the indi-
vidual patients in each nurse’s load during each hour. Census and
patient load data were then used to model distribution of the avail-
able nursing resources. Every documenting nurse was allocated
one unit of distributable Nursing Effort to dispense among patients
each hour (non-clinical activities were not included in the mea-
surement; thus the actual time spent with patients was one hour
minus the time spent on other activities). The ﬁrst model (‘‘Model
1”) assigned each patient an hourly score equal to the unit’s nurse-
to-patient ratio. For example, during a particular hour in a facility
with four patients and ﬁve documenting nurses, according to the
model, the ﬁve available units of Nursing Effort were distributed
equally among the four patients. Thus, each patient was allotted
a score of 1.25 for the hour.
In the second model (‘‘Model 2”), each patient for whom a nurse
documented at least once during an hour represented an equal
fraction of the nurse’s hourly patient load. For example, if a patient
received documentation from two nurses A and B during an hour
and nurse A documented for four patients during the hour while
nurse B documented for three patients during the same hour,
according to the model, the patient received 1/4 of a unit of Nurs-
ing Effort from nurse A and 1/3 of a unit of Nursing Effort from
nurse B. In this example, the total Nursing Effort score for the
patient, generated by summing fractional Nursing Effort from each
nurse, was 7/12 or 0.583. As generated by Model 2, Nursing Effort
became a patient-level, rather than unit-level, attribute calculated
by summing the appropriate fraction of each documenting nurse’s
Effort, according to patient load, associated with each patient.
3.5. Data processing and analysis
The Nursing Effort Analysis Tool (NEAT) accessed a delimited
text ﬁle containing structured data retrieved from Intermountain
Healthcare’s EDW. Each row of text contained data for a single doc-
Table 2
Nursing Effort scoring models used to generate individual hourly patient scores and the acuity adjustment ratio.
Model name Formula Description
Simple nurse–patient ratio Nursing Effort1 ¼ Total Number of NursesTotal Number of Patients Ratio of the number of patients and the number
of nurses present during a given hour at a
particular facility
Sum of unadjusted load fractions Nursing Effort2 ¼
P
Nurses Documenting For This Patient
1
Patient Load Sum of the appropriate fraction of each documenting
nurse’s patient load
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the documentation was entered. The custom-built application,
developed using C++, generated an hourly index of nurses and
the patients for whom they entered documentation. These data
were used to calculate hourly Nursing Effort scores for each patient
according to each of the models. For the analysis, mean Nursing Ef-
fort scores were generated for each patient during the active labor
periods before and after complete dilation. Following data process-
ing and model calculations, scores, along with patient attributes
and outcomes, were exported from the NEAT application into the
RTM, version 2.5.1 (Vienna, Austria) statistical environment for
external evaluation. An automatic attribute selection mechanism
was not employed as the patient sample size was sufﬁcient to sup-
port the inclusion of all available patient attribute variables in the
statistical analyses.
Survival and regression analyses were performed to determine
statistical correlation among patient attributes, nursing care mea-
surements, and patient outcomes. Survival models, often imple-
mented to analyze time to events, were used for analysis of the
continuous valued duration outcomes. Factors associated with
time until the delivery event were identiﬁed using duration of ac-
tive labor, duration of complete dilation to delivery, and duration
of pushing to delivery as outcome variables. Variables inﬂuencing
the time until discharge event were identiﬁed using patient length
of stay as an outcome variable. Logistic regression was used in the
analysis of binary valued outcomes variables consisting of the
occurrence of a Cesarean, occurrence of fetal distress, and the
occurrence of labor complications. Logistic regression is a standard
approach for relating several independent variables to a binary-
dependent variable and goodness-of-ﬁt statistics indicated that
logistic regression was an appropriate approach for this analysis.
A linear regression model was used in the analysis of the continu-
ous valued and normally distributed cost of care outcome.Table 3
Time ratios (with 95% conﬁdence intervals) of select patient attributes (comparing upper
outcomes (*p < 0.05, **p < 0.01, ***p < 0.001).
Length of stay Durat
labor
Age (31 years:24 years) 1.03 (1.00–1.07)* 1.00 (
Augmented labor (Yes:No) 1.02 (0.98–1.06) 1.33 (
Facility (medium:large) 0.95 (0.91–0.99)* 0.96 (
Facility (small:large) 0.96 (0.91–1.02) 1.40 (
Gestation period (39 weeks:38 weeks) 0.96 (0.95–0.97)*** 1.01 (
ICD-9 Admit diagnosis code(Normal ﬁrst:normal other
pregnancy)
0.99 (0.95–1.04 1.14 (
Insurer (Medicaid:private) 1.04 (0.99–1.10) 1.00 (
Insurer (self-pay:private) 0.80 (0.70–0.91)*** 1.20 (
Number of previous births (2:0) 0.94 (0.91–0.97)*** 0.86 (
Occurrence of C-section (yes:no) 1.80 (1.68–1.93)*** 1.35 (
Previous C-section (yes:no) 1.01 (0.92–1.12) 1.18 (
Severity (Peak level 1:peak level 3, 3+ h) 1.07 (0.94–1.23) 0.29 (
Severity (Peak level 2:peak level 3, 3+ h) 1.01 (0.94–1.08) 0.64 (
Severity (Peak level 3, 0 h:peak level 3, 3+ h) 1.10 (1.03–1.18)* 0.61 (
Severity (Peak level 3, 1 h:peak level 3, 3+ h) 1.06 (1.02–1.11)* 0.59 (
Severity (Peak level 3, 2 h:peak level 3, 3+ h) 1.02 (0.97–1.07) 0.74 (4. Results
Pearson’s coefﬁcients revealed low correlations between the
pre-dilation and post-dilation scores (0.47 for Model 1 and 0.28
for Model 2), justifying the use of separate score averages from
each labor stage as opposed to a single average from the entire
duration of active labor. For both models, the mean post-complete
dilation scores were larger than the mean pre-complete dilation
scores (1.19 compared to 1.15 for Model 1 and 1.30 compared to
1.18 for Model 2), representing increased nursing resource utiliza-
tion following complete cervical dilation. There was an overall cor-
relation of 0.72 between scores from Models 1 and 2.
Parametric survival models were implemented to generate time
ratios with 95% conﬁdence intervals for patient attributes with re-
spect to duration outcomes (Table 3). For categorical variable anal-
ysis, the survival models enabled comparison of the expected
durations between each category and a reference. For example,
analysis of the categorical ‘‘Facility” variable involved comparison
of durations at the small compared to large facility and the med-
ium compared to large facility. In the example, the large facility
represented the reference category to which the other categories
were compared. Continuous variable analysis compared durations
associated with upper and lower quartile values for each variable.
The continuous variable ‘‘Number of Previous Births,” is repre-
sented in the table with a ratio of ‘‘2:0”. The third quartile value
in the distribution of the variable was two. The expected duration
of active labor for a woman with two previous births was 0.86
times as long as the labor duration of a woman with zero previous
births (p < 0.001) (with 95% conﬁdence intervals ranging from 0.79
to 0.94). For accurate calculations of duration ratios of complete
dilation until delivery and pushing until delivery, a subset of 844
patients was used that did not include any patients that experi-
enced the outcome of Cesarean delivery. All 900 study patientsquartile values to lower quartile values for continuous variables) and various patient
ion of active Duration of complete dilation to
delivery
Duration of pushing to
delivery
0.92–1.09) 1.07 (0.96–1.19) 1.10 (0.98–1.24)
1.20–1.47)*** 1.00 (0.88–1.15) 1.07 (0.92–1.24)
0.86–1.07) 0.76 (0.66–0.87)*** 1.02 (0.87–1.19)
1.21–1.62)*** 1.46 (1.21–1.76)*** 1.26 (1.01–1.57)*
0.98–1.03) 1.00 (0.97–1.03) 1.00 (0.97–1.03)
1.02–1.29)* 1.78 (1.52–2.09)*** 1.94 (1.62–2.32)***
0.88–1.15) 0.75 (0.61–0.90)** 0.85 (0.69–1.05)
0.86–1.67) 0.98 (0.64–1.51) 1.23 (0.75–2.02)
0.79–0.94)*** 0.69 (0.62–0.76)*** 0.68 (0.61–0.76)***
1.12–1.62)** — —
0.92–1.50) 1.33 (0.93–1.91) 1.35 (0.91–2.02)
0.21–0.42)*** 0.55 (0.34–0.91)*** 0.39 (0.23–0.67)***
0.53–0. 76)*** 0.51 (0.40–0.66)*** 0.31 (0.23–0.40)***
0.51–0.72)*** 0.47 (0.37–0.59)*** 0.27 (0.20–0.35)***
0.53–0.66)*** 0.47 (0.40–0.54)*** 0.37 (0.31–0.43)***
0.65–0.83)*** 0.66 (0.56–0.78)*** 0.61 (0.51–0.74)***
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tive labor.
Signiﬁcant associations were identiﬁed between decreased
length of stay and patients delivering at 39 weeks compared to
38 weeks gestation (p < 0.001), self-paying compared to privately
insured patients (p < 0.001), and patients with two compared to
zero previous births (p < 0.001). Increased length of stay was asso-
ciated with patients of age 31 compared to 24 (p < 0.05), patients
who experienced the outcome of Cesarean delivery (p < 0.001),
and patients with a peak severity of labor level three for 0–2 h
compared to peak severity of labor level three for three or more
hours (p < 0.05).
Decreased duration of active labor was associated with patients
having two compared to zero previous births (p < 0.001) and with
peak severity less than labor level three for three or more hours
(p < 0.001). Signiﬁcant associations were identiﬁed between longer
duration of active labor and patients with augmented labor
(p < 0.001), patients at the small compared to large facility
(p < 0.001), and patients having the ICD-9 admission diagnosis
code of normal ﬁrst compared to normal other pregnancy
(p < 0.05).
Decreased duration of complete dilation until delivery was
associated with patients having two compared to zero previous
births (p < 0.001), patients at the medium compared to large facil-
ity (p < 0.001), patients at the large compared to small facility
(p < 0.001), and with peak severity less than labor level three for
three or more hours (p < 0.001). Signiﬁcant associations were iden-
tiﬁed between increased duration of complete dilation until deliv-
ery and patients having the ICD-9 admission diagnosis code of
normal ﬁrst compared to normal other pregnancy (p < 0.001).
Decreased duration of pushing until delivery was associated
with patients having two compared to zero previous births
(p < 0.001), patients at the large compared to small facility
(p < 0.05), and with peak severity less than labor level three for
three or more hours (p < 0.001). A signiﬁcant association was iden-
tiﬁed between increased duration of pushing until delivery and pa-
tients having the ICD-9 admission diagnosis code of normal ﬁrst
compared to normal other pregnancy (p < 0.001).
Table 4 presents odds ratios (also with 95% conﬁdence inter-
vals) for patient attributes with respect to three binary-valued
event outcomes (occurrence of a Cesarean, occurrence of fetal dis-
tress, and the occurrence of complications) as generated by logistic
regression models. As described for the survival model time ratios,
the odds ratios in Table 4 present each category of categorical vari-
ables and the upper and lower quartile values of continuously val-Table 4
Odds ratios (with 95% conﬁdence intervals) of select patient attributes (comparing upper q
(*p < 0.01, **p < 0.001). Unrepresented categories are left empty.
Occurren
Age (31 years:24 years) 1.18 (0.73
Augmented labor (yes:no) 0.88 (0.47
Facility (medium:large) 0.57 (0.24
Facility (small:large) 1.78 (0.73
Gestation Period (39 weeks:38 weeks) 1.02 (0.89
ICD-9 Admit diagnosis code (Normal ﬁrst:normal other pregnancy) 0.86 (0.39
Insurer (Medicaid:private) 1.08 (0.44
Number of previous births (2:0) 0.29 (0.13
Occurrence of C-section (yes:no) –
Previous C-section (yes:no) 8.52 (2.89
Race (Hispanic:White) 0.99 (0.35
Race (Other:White) 0.77 (0.24
Severity (Peak Level 1:peak level 3, 3+ h) —
Severity (Peak level 2:Peak level 3, 3+ h) 0.48 (0.14
Severity (Peak level 3, 0 h:peak level 3, 3+ h) 0.50 (0.14
Severity (Peak level 3, 1 h:peak level 3, 3+ h) 0.17 (0.06
Severity (Peak level 3, 2 h:peak level 3, 3+ h) 0.47 (0.20ued variables. Data from all 900 study patients were included in
the logistic regression models.
A lower rate of Cesarean was found to be associated with pa-
tients having two compared to zero previous births (p < 0.01) and
patients with a peak severity of labor level three for 1–2 h com-
pared to peak severity of labor level three for three or more hours
(p < 0.01). Patients with a history of Cesarean experienced a greater
rate of Cesarean (p < 0.001).
Lower levels of fetal distress were associated with patients at
the medium compared to the large facility (p < 0.001), patients at
the large compared to the small facility (p < 0.001), and with
patients having a peak severity of labor level two or labor level
three for 0–2 h compared to peak severity of labor level three for
three or more hours (p < 0.001). Increased rates of fetal distress
were associated with patients who experienced the outcome of
Cesarean (p < 0.001).
Lower rates of labor complications were associated with pa-
tients at the medium and small facilities compared to the large
facility (p < 0.001) and with patients having two compared to zero
previous births (p < 0.001). Greater rates of labor complications
were associated with patients delivering at 39 compared to
38 weeks gestation (p < 0.01).
In Table 5, time and odds ratios relate upper and lower
quartile, continuously valued Nursing Effort scores to duration
and event outcomes. Greater average Model 2 scores corre-
sponding to the pre-complete dilation stage were found to be
signiﬁcantly related to reduced length of stay (p < 0.05) and re-
duced duration of active labor (p < 0.01). The pre-complete dila-
tion score time ratios indicated that an extra one-third of a
nurse’s care (equivalent) each hour (as measured by model
two) was associated with about a 2% shorter length of stay
and an 8% shorter duration of active labor. Greater Model 2
pre-complete scores were also associated with a greater rate
of Cesarean (p < 0.05).
Greater Model 2 post-complete dilation Nursing Effort scores
were associated with shorter duration of complete dilation until
delivery (p < 0.05) and shorter duration of pushing until delivery
(p < 0.01). The odds ratios indicated that an additional one-half
unit of Nursing Effort each post-complete dilation hour was asso-
ciated with a 9% shorter duration of complete dilation until deliv-
ery and a 13% shorter duration of pushing. Also, larger Model 2
post-complete dilation scores were associated with a reduced rate
of labor complications (p < 0.01). No signiﬁcant associations were
identiﬁed between outcomes and pre-complete or post-complete
scores generated by Model 1.uartile values to lower quartile values for continuous variables) and patient outcomes
ce of C-section Fetal distress Occurrence of complications
–1.89) 0.79 (0.57–1.10) 1.31 (1.01–1.69)
–1.67) 1.04 (0.69–1.58) 1.06 (0.76–1.46)
–1.33) 0.23 (0.13–0.42)** 0.50 (0.35–0.72)**
–4.31) 1.85 (1.06–3.21)** 0.40 (0.30–0.79)**
–1.16) 1.10 (0.99–1.22) 1.14 (1.04–1.24)*
–1.88) 1.38 (0.83–2.29) 1.16 (0.77–1.74)
–2.63) 0.83 (0.45–1.53) 0.95 (0.59–1.53)
–0.67)* 0.86 (0.58–1.29) 0.51 (0.36–0.71)**
3.97 (2.08–7.58)** 0.21 (0.42–0.82)
–25.18)** 0.70 (0.23–2.12) 1.41 (0.61–3.27)
–2.83) 0.45 (0.20–0.99) 1.20 (0.71–2.02)
–2.42) 1.70 (0.87–3.32) 0.98 (0.56–1.72)
— 2.90 (0.92–9.16)
–1.62) 0.14 (0.05–0.42)** 0.96 (0.50–1.83)
–1.79) 0.24 (0.10–0.61)** 1.58 (0.88–2.85)
–0.49)* 0.26 (0.15–0.45)** 1.53 (1.05–2.23)
–1.11) 0.63 (0.38–1.03) 1.15 (0.76–1.73)
Table 5
Time and odds ratios (with 95% conﬁdence intervals) of Nursing Effort values generated by models one and two (comparing upper quartile values to lower quartile values) and
patient outcomes (*p < 0.05, **p < 0.01).
Model 1 Model 2
Mean pre-complete dilation
score (1.23:1.00)
Mean post-complete dilation
score (1.30:1.00)
Mean pre-complete dilation
score (1.33:1.00)
Mean post-complete dilation
score (1.50:1.00)
Length of stay 1.01 (0.99–1.03) 0.98 (0.96–1.00) 0.98 (0.96–1.00)* 1.01 (0.99–1.03)
Duration of active labor 1.02 (0.96–1.09) 0.98 (0.93–1.04) 0.92 (0.87–0.98)** 0.95 (0.90–1.01)
Duration of complete dilation
to delivery
0.96 (0.90–1.03) 0.93 (0.86–1.01) 0.99 (0.94–1.06) 0.91 (0.84–0.98)*
Duration of pushing to
delivery
1.02 (0.93–1.11) 0.98 (0.89–1.08) 1.05 (0.98–1.13) 0.87 (0.80–0.95)**
Occurrence of C-section 1.04 (0.72–1.51) 0.87 (0.57–1.32) 1.35 (1.04–1.75)* 0.86 (0.57–1.31)
Fetal distress 0.87 (0.67–1.13) 1.02 (0.79–1.31) 1.10 (0.91–1.33) 1.07 (0.84–1.35)
Occurrence of complications 1.06 (0.88–1.28) 1.11 (0.93–1.33) 0.98 (0.85–1.14) 0.84 (0.70–1.00)*
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For length of stay and cost analysis, four outlier patients were ex-
cluded from the set of 900 because extended lengths of stay (over
2 weeks) skewed analysis models. The Cesarean outcome was
associated with a 50.7% increase in the cost of care (p < 0.001). Cost
of care was 20.4% higher for patients at the small compared to large
facility (p < 0.001), and a 4.2% increase in cost was associated with
patients having the ICD-9 admission diagnosis code normal ﬁrst
compared to normal other pregnancy (p < 0.05). Costs associated
with self-pay patients were 9.5% lower than costs of privately in-
sured patients (p < 0.05). On average, cost of care was reduced by
2.3% for each previous patient birth (p < 0.001), and reduced by
1.0% for each additional week of maternal gestation (p < 0.001).
Signiﬁcant cost differences were also found based on patient
peak severity. Compared to costs of care associated with patients
that had a peak severity of labor level three for three or more
hours, costs were 17.3% lower for patients with a peak severity
of labor level one (p < 0.001), 10.0% lower for patients with a peak
severity of labor level two (p < 0.001), 7.9% lower for patients with
a peak severity of labor level three for 1–2 h (p < 0.001), and 4.8%
lower for patients with a peak severity of labor level three for 2–
3 h (p < 0.01).
5. Discussion
As hypothesized, we were able to identify relationships be-
tween quantiﬁed patient-level measurements of nursing care gen-
erated by Model 2 and particular outcomes experienced by those
patients. As anticipated, the relationships were better supported
by patient-level than unit level-measures. Additionally, the exer-
cise revealed other signiﬁcant contributors to variation in patient
outcomes including care facility and individual patient
characteristics.
The strongest associations between nursing care scores and out-
comes were related to the qualitative duration outcomes (see Table
5). Model 2 Nursing Effort scores, derived from individual nurse–
patient interactions, better supported the identiﬁcation of relation-
ships between nursing care and individual patient outcomes than
did unit-level measurements of available nursing resources as rep-
resented by Model 1 scores. The relationships between Nursing Ef-
fort measures and durations suggest that providing additional
nursing care at key periods during labor could foster labor
progression.
In addition to the contribution of nursing care to duration out-
comes, several patient attributes were found to have signiﬁcant
relationships with the various durations of labor. We identiﬁed
variations by facility: all three measured labor durations were sig-
niﬁcantly longer at the small facility; active labor lasted about 40%
longer at the small facility; and the duration from complete dila-tion until delivery was about 46% longer at the small facility. The
period from the initiation of pushing until delivery was about
26% longer at the small facility. The longer durations were possibly
the result of patients waiting for available clinicians to actively ini-
tiate pushing. High acuity patients also had signiﬁcantly longer la-
bor durations than did lower acuity patients. Slow labor
progression often prompted labor augmentation as demonstrated
by signiﬁcantly longer durations of active labor associated with
augmented labor cases. As expected, women giving birth for the
ﬁrst time experienced longer labor durations than did women with
previous births.
Another notable outcome was the signiﬁcantly shorter length of
stay experienced by self-paying patients compared to patients
with Medicaid or private insurance. Self-paying patients were dis-
charged 20% sooner than patients with private insurance and in-
curred lower cost—in part due to the shortened length of stay.
The data in the current study represent costs of care as opposed
to billed charges. Although self-paying patient cost accrual may
be less, the amount they were billed was not necessarily less than
that billed to patients with Medicaid or private insurance. Even
though self-paying patients may not have objected to early dis-
charge because it reduced their personal expenditures, an ethical
issue must be addressed. If early discharge resulted in lower qual-
ity care, patient’s insurance status should not have inﬂuenced clin-
ical treatment. On the other hand, if early discharge did not have
any negative clinical implications, other groups of patients were
staying longer than necessary and incurring avoidable expense.
Higher pre-complete dilation Nursing Effort scores were associ-
ated with a higher incidence of Cesarean delivery. It was unlikely
that the increased rate of Cesarean deliveries was caused by addi-
tional pre-complete dilation nursing care. The most probable
explanation of this inverse relationship was that indications of
abnormal labor progression, which led to the Cesarean outcome,
necessitated additional attention from available nursing staff.
Another signiﬁcant relationship was that of additional post-com-
plete dilation nursing care associated with a reduction in the occur-
rence of labor complications. Neither association was identiﬁed
using the unit-level nursing care measures produced using Model
1. Relationships were not identiﬁed between the occurrence of fetal
distress and Nursing Effort scores generated by either model.
Associations were also identiﬁed between event type outcomes
and patient conditions. Patients experiencing fetal distress were
nearly four times more likely to have a Cesarean at any of the facil-
ities. Also, patients who had a history of a previous Cesarean were
8.5 times more likely to have another Cesarean. The occurrence of
fetal distress contributed to patient acuity calculations. Therefore,
higher severity patients experienced higher rates of fetal distress.
Although these particular associations may not provide new in-
sight to the L&D care domain, the methods used to discover these
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to identify previously unestablished relationships between the
occurrence of clinical events and patient characteristics.
Regression analysis failed to detect signiﬁcant associations be-
tween Nursing Effort scores and cost. The greatest contributors
to cost were the facility where care was provided (the small facility
having the highest cost), patient acuity during labor (higher acuity
patients sustaining greater cost), and the occurrence of a Cesarean
with its additional clinical procedures and added length of stay.
Analysis was limited by not considering the mix of the nurses
represented by the information system. The study assumed that
quality of care represented by a unit of Nursing Effort was equal
among all providers, who were overwhelmingly registered nurses
(RNs). Though over 90% of the CIS users were RNs, the care provid-
ers varied in educational preparation and experience. The analysis
could beneﬁt from considering educational level and competencies
when measuring contributions from individual nurses. In settings
where a larger proportion of unlicensed care providers or licensed
practical nurses (LPNs) were used to deliver nursing care, consider-
ation of licensure would also be important. Future efforts will focus
on developing a qualitative weighting for patient-level Nursing Ef-
fort scores based on individual nurse licensure, education, and
experience in managing similar patient cases.
In the statistical analysis, the outcome variables were treated
as independent of one another and models were not adjusted for
possible correlations among outcomes. The study was primarily
intended for exploratory analysis and for the demonstration of
innovative methods for deriving representations of care pro-
cesses from electronic documentation, not the identiﬁcation of
any particular signiﬁcant clinical association. Although we dem-
onstrated that patient-level representations of care could support
an analysis of patient outcomes by describing some signiﬁcant
ﬁndings, speciﬁc clinical associations should be viewed as
hypotheses for potential follow-up investigation rather than
tested hypotheses.
Another limitation of the current study was its reliance on
complete, accurate, and timely nursing documentation. Missing
or erroneous instances of documentation inﬂuenced the calcula-
tion of scores. A patient lacking documentation of nursing inter-
actions that occurred during an hour of care could receive a
lower Nursing Effort score than intended while other patients
receiving care from the same nurse during the same hour would
receive a larger than accurate score. The robust design of model
two was intended to mitigate this limitation by reducing the
need for complete documentation. As long as the providing
nurse documented a single event for each patient with whom
interaction took place each hour, the model calculations re-
mained accurate.
Previous exploration of nursing care effects on patient out-
comes have taken a different approach than that taken in this
analysis. Consistent with efforts conducted in other care settings,
signiﬁcant relationships between unit-level representations of
nursing care (Model 1) and outcomes were not found. Only the
patient-level scores (Model 2) were found to have signiﬁcant
association with the outcomes selected for investigation. The
shift in focus from the unit to the patient offers promise to
the myriad of efforts seeking empirical evidence supporting
nursing care’s effects on patient outcomes. Identiﬁcation of pa-
tient outcomes associated with levels of nursing care enables
the reapportioning of nurse stafﬁng to support the highest qual-
ity care and most favorable outcomes. Also, patient-level mea-
sures of individual nurse–patient interactions could support
efforts to identify overburdened nurses. Study and improvement
of nursing environments could potentially lead to reduced job
dissatisfaction and burnout rates for nursing staff [13,45,46]
and improved clinical outcomes for patients [47].6. Conclusions
Though a number of potentially beneﬁcial clinical relationships
were identiﬁed in the study, the most signiﬁcant contribution of
the study was our novel approach to representing care processes,
speciﬁcally nursing care, using computerized documentation. The
Labor and Deliver setting served as a clinical example to validate
this approach. Calculation of the Nursing Effort measures enabled
us to overcome many limitations of previous studies of nursing
processes, patient characteristics, and clinical outcomes. Methods
derived from studying the population of L&D inpatients could have
global application, because structured documentation in other do-
mains can likewise be used to quantify the amount of nursing care
received at the individual patient-level. The study does not present
an exhaustive analysis of all contributors to patient outcomes, nor
does it reveal causality of speciﬁc patient outcomes. Nevertheless,
the methods presented allow outcomes analysis at a much more
granular, and arguably relevant, level by considering individual
patient attributes as well as modeled care processes.
In clinical settings, signiﬁcant associations discovered by these
methods may be further reviewed by clinical committees and
investigated in greater detail to determine appropriate levels of
nursing care that support favorable patient outcomes. The study
methodology may also be used to improve practices through iden-
tiﬁcation of variation in care processes. Of substantial importance
for nursing practice, this new method for analysis of nursing inter-
actions at the patient level enables successful analysis of care ef-
fects on patient outcomes. Comprehensive studies using this
methodological framework in other care settings may identify pre-
viously unknown effects of modeled care processes on patient
outcomes.
Acknowledgment
This research was funded under National Library of Medicine
Training Grant No. 1T15LM07124.
References
[1] Silber JH, Rosenbaum PR, Ross RN. Comparing the contributions of groups of
predictors:Whichoutcomesvarywithhospital rather thanpatientcharacteristics?
Journal of the American Statistical Association 1995;90(429):7–18.
[2] Silber JH, Rosenbaum PR. A spurious correlation between hospital mortality
and complication rates: the importance of severity adjustment. Med Care
1997;35(10, Suppl.):OS77–92.
[3] Rosenblatt RA, Dobie SA, Hart LG, Schneeweiss R, Gould D, Raine TR, et al.
Interspecialty differences in the obstetric care of low-risk women. Am J Public
Health 1997;87(3):344–51.
[4] Burtt K. State nurses associations work to prove nursing quality. Am J Nurs
1998;98(5):58–60.
[5] Institute of Medicine. Nursing staff in hospitals and nursing homes: is it
adequate? Washington, DC: National Academy Press; 1996.
[6] Aydin CE, Bolton LB, Donaldson N, Brown DS, Buffum M, Elashoff JD, et al.
Creating and analyzing a statewide nursing quality measurement database. J
Nurs Scholar 2004;36(4):371–8.
[7] Blegen MA, Goode CJ, Reed L. Nurse stafﬁng and patient outcomes. Nurs Res
1998;47(1):43–50.
[8] Cho SH, Keteﬁan S, Barkauskas VH, Smith DG. The effects of nurse stafﬁng on
adverse events, morbidity, mortality, and medical costs. Nurs Res
2003;52(2):71–9.
[9] Donaldson N, Brown D, Aydin C. Nurse stafﬁng in California hospitals 1998–
2000: ﬁndings from the California nursing outcome coalition database project.
Policy Polit Nurs Pract 2001;2(1):20–9.
[10] Bolton LB, Jones D, Aydin CE, Donaldson N, Brown DS, Lowe M, et al. A response
to California’s mandated nursing ratios. J Nurs Scholar 2001;33(2):179–84.
[11] Donaldson N, Bolton LB, Aydin C, Brown D, Elashoff JD, Sandhu M. Impact of
California’s licensed nurse–patient ratios on unit-level nurse stafﬁng and
patient outcomes. Policy Polit Nurs Pract 2005;6(3):198–210.
[12] Lang TA, Hodge M, Olson V, Romano PS, Kravitz RL. Nurse–patient ratios: a
systematic review on the effects of nurse stafﬁng on patient, nurse employee,
and hospital outcomes. J Nurs Admin 2004;34(7–8):326–37.
[13] Aiken LH, Clarke SP, Sloane DM, Sochalski J, Silber JH. Hospital nurse stafﬁng
and patient mortality, nurse burnout, and job dissatisfaction. JAMA
2002;288(16):1987–93.
E.S. Hall et al. / Journal of Biomedical Informatics 42 (2009) 702–709 709[14] Lichtig LK, Knauf RA, Milholland DK. Some impacts of nursing on acute care
hospital outcomes. J Nurs Admin 1999;29(2):25–33.
[15] McGillis Hall L, Doran D, Pink GH. Nurse stafﬁng models, nursing hours, and
patient safety outcomes. J Nurs Admin 2004;34(1):41–5.
[16] Needleman J, Buerhaus P, Mattke S, Stewart M, Zelevinsky K. Nurse-stafﬁng
levels and the quality of care in hospitals. N Engl J Med
2002;346(22):1715–22.
[17] Potter P, Barr N, McSweeney M, Sledge J. Identifying nurse stafﬁng and patient
outcome relationships: a guide for change in care delivery. Nurs Econ
2003;21(4):158–66.
[18] Geraci JM, Ashton CM, Kuykendall DH, Johnson ML, Wu L. International
classiﬁcation of diseases, 9th revision, clinical modiﬁcation codes in discharge
abstracts are poor measures of complication occurrence in medical inpatients.
Med Care 1997;35(6):589–602.
[19] Lawthers AG, McCarthy EP, Davis RB, Peterson LE, Palmer RH, Iezzoni LI.
Identiﬁcation of in-hospital complications from claims data is it valid? Med
Care 2000;38(8):785–95.
[20] Needleman J, Buerhaus P. Nurse stafﬁng and patient safety: current knowledge
and implications for action. Int J Qual Health Care 2003;15(4):275–7.
[21] Blecke J, Decker S. ANA quality indicators: meaningful measurement. Mich
Nurse 1997;70(9):9–10.
[22] Rowell PA, Milholland DK. Nursing and threats to patient and nurse safety and
quality of patient care. J Nurs Care Qual 1998;12(4):9–13.
[23] Tourangeau AE, Cranley LA, Jeffs L. Impact of nursing on hospital patient
mortality: a focused review and related policy implications. Qual Safe Health
Care 2006;15(1):4–8.
[24] Needleman J, Kurtzman ET, Kizer KW. Performance measurement of nursing
care: state of the science and the current consensus. Med Care Res Rev
2007;64(2 Suppl):10S–43S.
[25] Italian Multicenter Group of ICU Research (GIRTI). Time oriented score system
(TOSS): a method for direct and quantitative assessment of nursing workload
for ICU patients. Intens Care Med 1991;17(6):340–5.
[26] Bernat Adell A, Abizanda Campos R, Cubedo Rey M, Quintana Bellmunt J,
Sanahuja Rochera E, Sanchis Munoz J, et al. Nursing Activity Score (NAS) Our
experience with a nursing load calculation system based on times. Enferm
Intens 2005;16(4):164–73.
[27] Cullen DJ, Civetta JM, Briggs BA, Ferrara LC. Therapeutic intervention scoring
system: a method for quantitative comparison of patient care. Crit Care Med
1974;2(2):57–60.
[28] Guccione A, Morena A, Pezzi A, Iapichino G. The assessment of nursing
workload. Minerva Anesthesiol 2004;70(5):411–6.
[29] Keene AR, Cullen DJ. Therapeutic intervention scoring system: update 1983.
Crit Care Med 1983;11(1):1–3.
[30] Miranda DR, de Rijk A, Schaufeli W. Simpliﬁed therapeutic intervention
scoring system: the TISS-28 items—results from a multicenter study. Crit Care
Med 1996;24(1):64–73.[31] Reis Miranda D, Moreno R, Iapichino G. Nine equivalents of nursing manpower
use score (NEMS). Intens Care Med 1997;23(7):760–5.
[32] Rothen HU, Kung V, Ryser DH, Zurcher R, Regli B. Validation of ‘‘nine
equivalents of nursing manpower use score” on an independent data sample.
Intens Care Med 1999;25(6):606–11.
[33] West E, Mays N, Rafferty AM, Rowan K, Sanderson C. Nursing resources and
patient outcomes in intensive care: A systematic review of the literature. Int J
Nurs Stud 2007 October 26 [Epub ahead of print].
[34] Murphy PA, Fullerton JT. Development of the optimality index as a new
approach to evaluating outcomes of maternity care. J Obstet Gynecol Neonatal
Nurs 2006;35(6):770–8.
[35] Greener D. Development and validation of the nurse–midwifery clinical data
set. J Nurse Midwifery 1991;36(3):174–83.
[36] Rooks JP, Weatherby NL, Ernst EK, Stapleton S, Rosen D, Rosenﬁeld A.
Outcomes of care in birth centers the national birth center study. N Engl J
Med 1989;321(26):1804–11.
[37] Baskett TF, Sternadel J. Maternal intensive care and near-miss mortality in
obstetrics. Br J Obstet Gynaecol 1998;105(9):981–4.
[38] Geller SE, Cox SM, Kilpatrick SJ. A descriptive model of preventability in
maternal morbidity and mortality. J Perinatol 2006;26(2):79–84.
[39] Hall ES, Poynton MR, Narus SP, Thornton SN. Modeling the distribution of
nursing effort using structured labor and delivery documentation. J Biomed
Inform 2008;41(6):1001–8.
[40] NDNQI Project Staff. National database of nursing quality indicators:
guidelines for data collection and submission on quarterly indicators,
version 6.0; 2006.
[41] Fayyad U, Piatetsky-Shapiro G, Smith P. Advances in knowledge discovery and
data mining. Cambridge, MA: AAAI/MIT Press; 1996. p. 1–36.
[42] Twede M, Gardner RM, Hebertson RM. A PC-based system for intrapartum
monitoring. Contemporary OB/GYN 1984;24(Special Issue—Technology
1985):13–7.
[43] Lau LM, Lam SH, Barlow S, Lyon C, Sanders D. Enhancing an enterprise data
warehouse with a data dictionary. In: AMIA Annu Symp Proc. 2001, November
3–7, Washington, DC; 2001.
[44] Suresh GK, Ferguson LA, Tomlinson M, Campbell BB, Ohlinger J, Prochnicki B,
et al. Identiﬁcation and collection of quality indicators for perinatal care. J Nurs
Care Qual 2007;22(1):73–9.
[45] Aiken LH, Clarke SP. Hospital stafﬁng, organization, and quality of care: cross-
national ﬁndings. Nurs Outlook 2002;50(5):187–94.
[46] Halm M, Peterson M, Kandels M, Sabo J, Blalock M, Braden R, et al. Hospital
nurse stafﬁng and patient mortality, emotional exhaustion, and job
dissatisfaction. Clin Nurse Spec 2005;19(5):241–51. quiz 252–4.
[47] Rafferty AM, Clarke SP, Coles J, Ball J, James P, McKee M, et al. Outcomes of
variation in hospital nurse stafﬁng in English hospitals: cross-sectional
analysis of survey data and discharge records. Int J Nurs Stud
2007;44(2):175–82.
